Bacteroidesfragilis HSP40 phages have been detected in waters with various levels of fecal contamination of human origin. The average numbers of B. fragilis phages present in sewage water reached 5.3 x 103 per 100 ml of water. We found a number 1,000 times lower in a river contaminated with domestic sewage only, in which the levels of fecal coliforms and fecal streptococci were 10,000 times lower than those found in raw sewage. In addition, B. fragilis phages were not found in significant numbers in slaughterhouse wastewaters. They were not present in fecal-polluted waters containing fecal contamination from wildlife only. Although the number of B. fragilis phages present in contaminated waters was lower than the number of coliphages, their presence indicated human fecal contamination. It is also shown that Bacteroides phages are only able to multiply under anaerobic conditions in the presence of nutrients, and they cannot multiply in natural waters and sediments.
Bacteroidesfragilis HSP40 phages have been detected in waters with various levels of fecal contamination of human origin. The average numbers of B. fragilis phages present in sewage water reached 5.3 x 103 per 100 ml of water. We found a number 1,000 times lower in a river contaminated with domestic sewage only, in which the levels of fecal coliforms and fecal streptococci were 10,000 times lower than those found in raw sewage. In addition, B. fragilis phages were not found in significant numbers in slaughterhouse wastewaters. They were not present in fecal-polluted waters containing fecal contamination from wildlife only. Although the number of B. fragilis phages present in contaminated waters was lower than the number of coliphages, their presence indicated human fecal contamination. It is also shown that Bacteroides phages are only able to multiply under anaerobic conditions in the presence of nutrients, and they cannot multiply in natural waters and sediments.
Given the health risk that viruses represent, it is essential to develop more information on the nature and extent of viral contamination in the environment (2, 13, 14, 21) . Ideally, isolation of the viruses themselves is the most appropriate means of virus detection. However, at this time, widespread direct testing for viruses is hampered by such factors as the long time required to obtain test results, variation in the precision and accuracy (i.e., detectability) of the different virus types, the shortage of competent personnel, and the high cost of viral analysis. unanswered questions on the ecological relationships between phages and their bacterial hosts once in the environment (15, 17) .
The potential use of Bacteroidesfragilis bacteriophages as indicators of human enteric viruses has been explored (8, 20) . Values of B. fragilis phages in human feces, sewagepolluted waters, and sediments have been shown (20) . However, no data of other parameters of fecal pollution were obtained in the same samples. In this study we present data of phages infecting B. fragilis HSP40 in comparison with (5, 11, 18, 19 
MATERIALS AND METHODS
Earle's base, supplemented with 5% fetal bovine serum, 0.03% glutamine, 0.075% sodium bicarbonate, 100 U of Bacterial strains and bacteriophages. B. fragilis HSP40 (20) penicillin per ml, and 100 mg of streptomycin per ml. was used for the quantification of bacteriophages and as the Virological and bacteriological assays. All bacteriophages host strain in the replication experiments. Escherichia coli in environmental samples were enumerated using an adap-C600 (ATCC 23556) was used for the enumeration of colitation of the most-probable-number (MPN) method as dephages. according to standard methods. Clostridium perfringens was When solid media were used, cultures were incubated in enumerated using the method described by Handford (6 Water samples were collected in sterile glass bottles. All samples were placed at 4°C and examined within 6 h after collection. Sediment samples were always collected in shallow lagoons. The top layer (2 to 3 cm) was scooped into sterile plastic bags, sealed, stored at 4°C, and processed within 12 h after collection.
Virus elution from sediments and titration. Bacteroides phages were eluted from sediment samples as follows: 100 g of sediment was added to 300 ml of 0.5 M glycine buffer (pH 11). The samples were shaken for 10 min at room temperature and centrifuged for 5 min at 2,000 x g. The supernatant was neutralized with 2 N HCI, and the bacteriophages present were quantified by the MPN method. Coliphages were eluted from the sediment by adding 100 ml of buffer for phages (20) Table   2 . Numbers of phages infecting B. firagilis ranged from 23 phages to 4.6 x 104 phages per 100 ml, and averages of 5.3 x 103 and 1.3 x 103 were observed in the two different sewages studied (Table 1) . Coliphages were also recovered in all the samples tested, with numbers that ranged from 1.4 x 104 to 2.4 x 107 per 100 ml and an average of 1.2 x 106 and 6.1 x 106 per 100 ml in the two sewage samples tested. Enteroviruses were isolated in 75% of the samples, with titers of 0.0 to 2.4 x 103 PFU per 100 ml of sample and averages of 257.8 and 42.1.
Forty-six percent of the samples from the Llobregat River, which receives mainly domestic sewage, contained Bacteroides phages. The mean values of fecal coliforms, fecal streptococci, and C. perfringens were 1.5 x 103, 7.9 x 102, and 6.5 x 102 per 100 ml, respectively (Table 2) ; the levels of Bacteroides bacteriophages in these waters ranged from 0 to 43 with a mean value of 6.7 per 100 ml of sample. Somatic coliphages were found in 73% of the samples tested, with an average of 9.06 x 102 per 100 ml. Enteroviruses were detected in 13.3% of the samples analyzed, with 0.04 MPN units per 100 ml being the highest number detected. These data confirm the presence of human contamination. Interestingly, samples from which enteroviruses, were isolated always yielded Bacteroides bacteriophages as well. Occurrence of bacteriophages in slaughterhouse wastewater. Wastewater from two slaughterhouses, containing high numbers of fecal bacteria (Table 2) , was also tested for B. fragilis phages. Only 2 of 20 samples were positive following enrichment of 100 ml of wastewater (Table 1) . Since no phages were detected by the MPN method, which detects a minimum of three phages per 100 ml, results suggest that a maximum of two phages per 100 ml were present in positive samples.
These bacteriophages could be either of animal origin or due to low input of human contamination. Anyway, the numbers are very small when compared with the values in domestic sewage (Table 1 ). In contrast, numbers of coliphages were nearly two logarithms higher than the numbers found in domestic sewage.
Cytopathic activity on BGM cells was noted in one of the samples. The virus isolated grew slowly as compared with the human enteroviruses able to grow in BGM cells. The isolated virus may be a nonhuman animal virus, like bovine reovirus, able to multiply in BGM cells.
Occurrence of phages in water and sediments from Delta de l'Ebre. A total of 60 samples (30 water samples and 30 sediments), containing a mean value of 73.5 fecal coliforms and 67.6 fecal streptococci per 100 ml of water and 2.4 x 102 fecal coliforms and 3.5 x 102 fecal streptococci per 100 g of sediment (Table 2) , were tested for B. fragilis phages. All samples were negative for phages against B. fragilis HSP40 as well as for human enteroviruses (Table 1) . Somatic coliphages were present in 55% of the water samples and in 89% of the sediment samples, although mean values were low: 3.4 per 100 ml and 7.2 per 100 g, respectively.
Numbers of coliphages and total coliforms were highest during the winter (data not shown). These data contradict previous reports on the presence of coliphages in natural environments (15) . This may be due to the presence of a high number of migratory birds during the winter months. Contamination patterns throughout the year suggest that wildlife is the pollution agent.
Waters polluted by domestic sewage, with numbers of fecal coliforms and fecal streptococci similar to those found in the Delta de l'Ebre samples, were positive for the presence of Bacteroides phages ( Table 3 ). The lack of phages recovered in samples collected in the national park is not imputable, then, to low levels of human fecal pollution.
Ratios among different microbial indicators of fecal pollution. The ratios among different bacterial and viral indicators enumerated in the work herein described are shown in Table  4 (9) . According to the data available, the ratio between fecal coliforms and coliphages in sewage is at least 2 logs lower than in human feces (1, 5, 7, 9 (3, 9, 10, 20) (12) .
